,jm with ovoid sporocysts 14.4 x 8.9 (13-18 x 8-10) ,um. Sporulated oocysts of Eimeria saxei n. sp. were subspheroid, 13.0 x 11.0 (11-14 x 10-12) ,m with ovoid sporocysts 7.5 x 4.0 (6-9 x 4-5) Am. Sporulated oocysts of Eimeria subsimi n. sp. were ovoid/subspheroid, 25.1 x 18.7(22-28 x 17-21) um with ellipsoid sporocysts 13.9 x 7.4(13-15 x 6-8) im. Sporulated oocysts of Eimeria tolucadensis n. sp. were subspheroid, 25.4 x 20.3 (23-26 x 19-23) Mm with ellipsoid sporocysts 11.3 x 7.8 (10-13 x 7-9) tim. Sporulated oocysts of Isospora mexicanasubsimi n. sp. were subspheroid, 23.7 x 23.1 (21-26 x 21-26) um with ovoid sporocysts 14.9 x 10.8 (12-16 x 10-12) Mm. Only 6 of 67 (9%) infected voles were found to be naturally infected with more than a single coccidium. The world literature on coccidian parasites of voles (1 caryosporan, 31 eimerians, 1 frankelian, 2 isosporans, 4 sarcocystans, exclusive of the 5 new species described here) was reviewed.
In an ongoing study at the University of New Mexico we are examining the evolutionary relationships of various groups of small mammals using morphologic (skin, skeleton), genetic (karyotypes, enzyme electrophoresis) and parasite (mainly coccidia) data. When the distributions and genetic relatedness of many different host species are clearly documented we may, perhaps, have a better understanding of host susceptibility, parasite burdens, host specificity (or lack thereof), and coevolutionary mechanisms. 
MATERIALS AND METHODS
Fecal samples were collected from hosts live-trapped in the field and stored in 2% (w/v) aqueous potassium dichromate (K2Cr207) as previously described (Duszynski et al., 1982) except that samples taken in Japan were collected and stored in 2% (v/v) aqueous sulfuric acid (H2SO4). Methods for storing and processing of fecal samples upon return to the lab and for concentrating, measuring and photographing oocysts have been described in detail (Duszynski et al., 1982; Stout and Duszynski, 1983) . All measurements are in micrometers with size ranges in parentheses following the means.
RESULTS
The coccidians, the hosts they infected, and our collection localities are presented in Table I .
Coccidians

Eimeria coahuiliensis n. sp. (Figs. 1-3, 14) Description
Oocyst ellipsoid, slightly flattened at end opposite micropyle (arrow, Fig. 1 (1960) . In the original description of E. wenrichi, the authors noted 2 distinct groups of similar oocysts that did not overlap in oocyst or sporocyst dimensions, but which otherwise shared all other structural features. In their paper, based on 87 oocysts from 1 M. pennsylvanicus, they found 56 oocysts ("species A") were 18.9 x 14.3 (16-22 x 12-16) with sporocysts 9.7 x 6.0 (9-11 x 5-8) and 31 oocysts ("species B") were 12.8 x 9.8 (11-15 x 8-11) with sporocysts 6.9 x 4.0 (6.5-7.5 x 4.0) and concluded, ".. . the two series of oocysts ... formed completely separate populations." For some reason, however, they decided it did "not appear wise to assign them different names, even though future studies may show they differ in some other way and are actually separate species." There is certainly sufficient precedent in the literature to show that coccidians with similar structural features, but distinctly different oocyst and sporocyst dimensions, are distinct species. Many eimerians (see Duszynski, 1971 for review) are known to have oocysts that increase or decrease in size during patency. However, if this were the case with E. wenrichi, one would expect length-width dimensions to vary over a continuous range. In the original description, a distinct bimodal size distribution was seen and in all the hosts we saw infected with either E. wenrichi ("species A") or E. saxei ("E. wenrichi species B") oocysts were either one size or the other, with no intermediate forms. Based on these data we feel it is warranted to separate the 2 forms of E. wenrichi into separate species.
Type host: Microtus pennsylvanicus (Ord, 1815). Type locality: Pennsylvania, U.S.A. Other hosts and localities: See Table I 25 (1.15-1.40) ; sporocysts (n = 11) ellipsoid 11.3 x 7.8 (10-13 x 7-9) with L:W ratio 1. 44 (1.26-1.70) ; an inconspicuous Stieda body is present (Fig. 9 ), but not a substieda body; sporocyst residuum present and consists of 4 to 6 small globules; sporozoites contain 1 or 2 refractile bodies. Oocysts were 313 days old when measured. 1 is included (Fig. 12) . All oocysts that we identified as E. wenrichi fit the description for the 'large form' or "E. wenrichi 23.1 (21-26 x 21-26) with L:W ratio 1.03  (1.00-1.13) ; micropyle, oocyst residuum, and polar body absent; sporocysts (n = 10) ovoid 14.9 x 10.8 (12-16 x 10-12)withL:Wratio 1.38 (1.26-1.61) ; sporocysts possess distinct Stieda and substieda bodies (Fig. 13) as well as a dispersed, homogeneous Etymology: The specific name is derived from the specific and subspecific parts of the scientific name of the host.
Hosts
Of those hosts with coccidia at the time they were collected, the following parasites, or groups of parasites were seen.
Microtus californicus sactidiegi Kellogg, 1918. The 1 infected vole of this species had oocysts of E. saxei in its feces.
Microtus mexicanus fulviventer Merriam, 1898. All 11 infected voles were singly-infected with either E. ochrogasteri (3), E. saxei (1), E. wenrichi (1), or Eimeria sp. (6).
Microtus mexicanus fundatus Hall, 1948. The only infected vole was singly-infected with unsporulated oocysts of a single morph.
Microtus mexicanus mexicanus (Saussure, 1861). We found 12 of 13 (92%) infected voles singly-infected with either E . ochrogasteri (1), E. saxei (1), E. wenrichi (4) , or Eimeria sp. (6); 1 vole harbored 2 coccidians: E. ochrogasteri and E. tolucadensis.
Microtus mexicanus mogollonensis (Meams, 1890) . The only infected vole was singly-infected with E. wenrichi.
Microtus mexicanus subsimus Goldman, 1938. Nineteen of 22 (86%) infected voles were singly-infected with either E. coahuiliensis (1), E. saxei (2), E. wenrichi (5), I. mexicanasubsimi (2), or Eimeria sp. (9); 2 voles were doubly-infected, 1 with E. wenrichi and E. saxei and 1 with E. wenrichi and E. subsimi; 1 vole was infected with 3 species, E. coahuiliensis, E. subsimi, and E. wenrichi.
Microtus montanus arizonensis Bailey, 1898. All 5 infected voles were singly-infected with either E. tamiasciuri (1) or E. wenrichi (4).
Microtus montebelli montebelli (Milne-Edwards, 1872
). All 6 infected voles had oocysts that never sporulated. Four of 6 (67%) had oocysts of only a single morph; the other 2 infected hosts had oocysts of 2 distinctly different morphs.
Microtus oregoni oregoni (Bachman, 1839). One of 2 infected voles was singly-infected with E. wenrichi, the other was doubly-infected with E. saxei and E. wenrichi. pennsylvanicus (Ord, 1815) . Four of 5 (80%) infected voles were singly-infected with E. wenrichi; 1 infected vole was infected with both E. ochrogasteri and E. wenrichi.
Microtus pennsylvanicus
DISCUSSION
The majority of the literature on the Coccidia of voles (Microtus spp.) originates from Eurasian sources, which describe 29 eimerians, 1 isosporan, and 2 sarcocystans; in North America, only 7 species (Caryospora microti, Frenkelia microti, Eimeria orchogasteri, E. wenrichi "A" and "B," Isospora mcdowelli, Sarcocystis microti and S. montanaensis) have been reported prior to the species we describe here (Table II) . According to recent taxonomic schemes (Honacki et al., 1982) , Microtus is the most specious of 20 genera assigned to the family Arvicolidae. In addition to the 39 coccidians described previously from Microtus spp., 6 other genera in the family (Alticola, Cleithrionomys, Discrostonyx, Ellobius, Lagurus, Ondatra) have been identified as hosts of at least 17 additional coccidian species (Levine, 1951; Levine and Ivens, 1965; Pellerdy, 1974; Golemansky, 1979) . None of the 56 coccidians previously described from arvicolids resembled the new species described here, other than the similarities already noted.
On the other hand, as we measure and identify numerous coccidians from thousands of specimens of both closely related and unrelated mammalian species, we are beginning to see oocysts that are identical or nearly so from genetically unrelated, but geographically sympatric host species. For example, here we point out that oocysts of E. tamiasciuri, originally described from the red squirrel (T. h. mogollonensis) were also found in large numbers in a M. m. arizonensis and in several groups of chipmunks (unpubl.). Also in our work with other genera of small mammals we have seen more substantive examples of oocysts described from one host genus commonly found in the feces of unrelated hosts (e.g., Perognathus and Dipodomys spp.; Peromyscus and Neotoma spp.; and others, unpubl. data). Obviously, there is much crosstransmission work to be done before such prob- , 1960 Veisov, 1962 Veisov, 1963 Veisov, 1962 Amastauskene, 1980 Musaev et al., 1963 present study Veisov, 1962 Musaev et al., 1963 Musaev et al., 1963 Veisov, 1963 Pellerdy, 1974 Veisov, 1963 Golemansky, 1978 Musaev et al., 1963 Veisov, 1963 Veisov, 1963 Pellerdy, 1974 Veisov, 1963 Arnastauskene, 1980 Amastauskene, 1980 Veisov, 1962 Musaev et al., 1963 Pellerdy, 1974 Arnastauskene, 1977 Veisov, 1963 Ballard, 1970 lems as host specificity can be addressed in these instances, but perhaps a lack of host specificity among eimerians, such as that seen by de Vos (1970), for E. chinchillae, is more widespread than we suspect. It is also likely that geographic and ecologic factors play much more of an important role in host-specificity than previously given credit.
It seems axiomatic that certain groups of mammals would be at greater risk of infection by coccidians than other mammalian groups simply because of the natural environments in which they live. For example voles, which live in mesic grasslands should have a higher incidence of infection with coccidians than say kangaroo rats (Dipodomys spp.) which live in xeric environments simply because the former environments (grassland) would be more conducive to oocyst survival than the latter (desert). At least some support for this generalization is available. In a previous study (Stout and Duszynski, 1983) only 104 of 361 (29%) kangaroo rats (7 species, 13 collection localities) harbored coccidia when examined; whereas in the present study 67 of 149 (45%) voles (9 species, 15 collection localities) had oocysts in their feces when examined. It should be noted that all oocysts recovered from the feces of M. m. montebelli were deteriorated and/or unsporulated when examined. Samples taken from this host species were stored and processed in 2% (v/v) aqueous H2S04; though others (Frenkel and Dubey, 1975; Ruiz and Frenkel, 1980) have used 2% H2SO4 to sporulate and store coccidian oocysts (e.g., Hammondia, Isospora, Toxoplasma), it has been our experience in this and previous field collections that H2SO4, when used for any long period as a storage medium, is detrimental to the survival and structural integrity of eimerian oocysts.
When we examine the individual infected animals in this and our other recent surveys we see that a very high percentage of infected hosts had
Finally, we note that 3 of the new species we describe, E. coahuiliensis, E. subsimi and I. mexicanasubsimi were all parasites in a unique karyotypic race, Microtus mexicanus subsimus, that is found only in our northernmost collection locality of Mexico, San Antonio de las Alazanas. All voles collected in this area had diploid numbers of 44 whereas all other voles taken in Mexico had diploid numbers of 48 (Moore, pers. comm.). Alterations in chromosomes, and the subsequent amino acid sequencing, may produce slight changes in metabolic pathways or enzyme properties to change a host's gastrointestinal physiology. Certain coccidians then might be more likely to establish, others might be rejected, while still others might be stimulated to undergo a speciation event. 
